) is a commercially available blood culture system for use in pediatrics. The methodology is based on blood lysis followed by direct plating of the sample on culture media to detect bacteria and fungi. Comparative recovery rates of pathogens from blood collected in this and a conventional broth system were similar. The Isolator detected 104 of 120 clinically signfficant isolates, whereas 106 of 120 isolates were detected by the broth system. The major advantage of the Isolator methodology was early detection of septicemia. Initial detection of gram-negative bacteria occurred an average of 14.2 h earlier by the Isolator system than by the conventional broth method. The Isolator also permitted quantitation of bacteremia and fungemia. Probable contaminants were recovered from 10.0% of the cultures processed by the Isolator, but steps which could be taken to minimize this problem were identified. The Isolator is a useful method for pediatric blood cultures.
Discovery of bacteria or fungi in blood elicits prompt consideration of therapeutic measures. The initial detection and etiological characterization of septicemia are critically important steps for optimal patient care. Diagnostic methods have been traditionally based on culturing blood in bottles containing a relatively large volume of a nutrient broth. Detection of positive blood cultures may be accomplished in the laboratory by observing growth macroscopically or microscopically in the broth or by obtaining growth from a subculture made onto an agar medium. A variation of the broth methodology (BACTEC system) employs radiometry for detection (9) . These broth-dependent techniques are satisfactory but may not be optimal for use in pediatrics because the volume of blood cultured is disproportionately low and delay is often encountered in detection of the most commonly isolated pathogen, Haemophilus influenzae. Alternative approaches based on limited blood volume and direct plating of the specimen have been described previously (2, 7, 8) . Recently such approaches have been combined with principles to eliminate the antibacterial properties of blood and have been introduced commercially as the Isolator 1.5 Microbial tube (E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.). Lysis of blood in a medium of purified saponin and sodium polyanetholesulfonate occurs, and the sample is then directly plated on solid culture media to recover bacteria and fungi. In addition to facilitation of specimen handling and detection, this approach permits quantitation of bacteremia and fungemia. Sullivan et al. (11) have demonstrated that the magnitude of bacteremia in children is associated with severity of clinical disease. Thus, a reliable direct plating technique may be more clinically useful than conventional blood culture. A comparison of the Isolator 1.5 Microbial tube with the BACTEC system demonstrated no statistically significant overall difference in recovery rates (1) . We compared the lysis direct plating (LDP) system in parallel with a conventional broth culture (CBC) method in hospitalized and nonhospitalized children.
* Corresponding author.
The LDP system permitted significantly earlier detection than the CBC method, although no major difference between the two systems was found in the recovery rates of pathogens.
MATERIALS AND METHODS
Blood culture systems. The Isolator (LDP) consisted of a rubber-stoppered, evacuated tube (10 by 50 mm) containing purified saponin (1 U), sodium polyanetholesulfonate (0.96 mg), polypropylene glycol (0.8 j.l), and water in a total volume of 0.1 ml. The reference system (CBC) employed 50-ml bottles of brain heart infusion broth with sodium polyanetholesulfonate, C02, and para-aminobenzoic acid (GIBCO Laboratories, Grand Island, N.Y. 
RESULTS
During a period of approximately 1 year, 2,945 blood cultures were eligible for the study. There were 157 (5.3%) positive cultures that were deemed to be clinically significaht; 116 of these met the criteria for analysis based on similar blood volume (0.5 to 2.0 ml per system). Table 1 lists the organisms recovered and proportion of isolates detected by the two systems. A total of 120 isolates were available for analysis. There was no statistically significant overall difference and no significant differences among individual groups of organisms in the positivity rate of the LDP system compared with the CBC method. H. influenzae and S. pneumoniae accounted for nearly one-half of the total number of isolates, and when these were analyzed separately, there was still no significant difference in sensitivity between the two systems. The LDP system detected 21 of 28 S. pneumoniae isolates, whereas 26 of 28 isolates were detected by the CBC method. That some organisms were recovered more often by CBC than by LDP may be due to a slightly larger quantity of blood allocated to CBC. The average volumes of blood cultured were 0.9 and 1.3 ml for LDP and CBC, respectively.
The majority of positive blood cultures were detected earlier by LDP than by CBC ( Table 2 ). The most notable difference between LDP and CBC in average times to detection occurred with respect to H. influenzae (P < 0.001).
Since the time of detection was the same as the time to isolation of colonies in the LDP system, an additional comparison could be made on the basis of the time to achieving isolated colonies in the CBC method. Colony isolation of S. pneumoniae and other gram-positive isolates, in addition to H. influenzae, was achieved significantly earlier by LDP than by CBC. There was no difference in times to isolation of gram-negative isolates other than H.
influenzae from the two systems.
The magnitude of bacteremias ranged fromn <1 to >1,000 CFU/ml. A comparison between quantitation of H. influenzae and S. pneumoniae is shown in Fig. 1 . This analysis was limited to blood samples that were processed within 2 h of collection to avoid spurious counts. Approximately twothirds of the cultures that yielded H. influenzae contained >100 CFU/ml, whereas less than one-third of those that yielded S. pneumoniae were of the same magnitude. None of the staphylococci deemed to be clinically significant were present in quantities of <1 CFU/ml. (13) , and GIBCO brain heart infusion medium has been reported to be superior to 22 other types of broth media in laboratory testing for the recovery of H. influenzae (10) .
The LDP technique is an adaptation of the Isolator system recently reported to be useful for adult blood cultures (3, 6) . The pediatric version, however, is simplified in that centrifugation is not required as part of specimen processing. A possible limitation of the technique may be that the tube accomodates less blood than most broth systems, resulting in potentially inferior detection of low-magnitude bacteremias. Blood volume has been suggested as an important determinant in the diagnosis of bacteremia in both children (12) and adults (5) . It has been unclear to what extent the volume effect observed in blood cultures from adults directly applies to pediatrics. Ilstrup and Washington (5) have reported that the yield of positive blood cultures from adults increased by an average of 38 and 61% when the volume of blood cultured was increased from 10 to 20 and 30 ml, respectively. Given blood volumes approximately 10% of these, pediatric blood culture studies are difficult to design without encountering potential bias because of unequal volumes. To minimize the effect of volume differences on blood culture results, we chose to base our study on only those sets in which 0.5 to 2.0 ml per system or a total of 1.0 to 4.0 ml of blood had been collected. Neither system yielded significantly more isolates than the other. That less blood was allocated to LDP (an average of 0.94 ml, compared with 1.3 for CBC) supports the efficacy of LDP compared with CBC. Although our results did not show an overall advantage in the recovery of organisms, selected organism groups were detected more often by LDP than by CBC. These included staphylococci and yeasts which were among those organisms also detected at a greater rate by the Isolator system than by a broth method in an adult patient population (3). Our results for staphylococci were remarkably consistent with those of Kelly et al. (6) . Of 19 isolates, 5 (26%) were missed by the CBC system in our study, compared with 10 of 39 (26%) missed by a broth method in their study with the adult Isolator. Carey (1) reported no difference in the rate of recovery of staphylococci between LDP and the BACTEC system. In contrast to the results of our study, Carey (1) found better recovery of pneumococci by LDP than by the BACTEC system. This may actually reflect differences between the BACTEC system and our CBC system rather than the performance of the Isolator 1.5 Microbial tube in the two laboratories.
A major advantage of the LDP system was early detection of bacteremia and, hence, the ability to rapidly characterize and perform susceptibility testing on isolates. Preliminary information, such as the 1-lactamase activity of H. influenzae, may be especially valuable in early selection of optimal antimicrobial therapy. Kelly et al. (6) reported that the lysis-centrifugation technique provided isolated colonies of all clinically significant organisms an average of 30 h earlier than a broth system. Though limited in number, Candida species in our study were isolated by LDP 60 h earlier, on the average, than by CBC. The times required to obtain isolated colonies of both H. influenzae and gram-positive isolates by LDP were also significantly less than those required by CBC.
Our results confirmed the potential usefulness of LDP for the quantitation of bacteremia. The technique was not prospectively studied, however, with the purpose of comparing bacterial counts with clinical manifestations. Despite this, our observations associated with selected patients during the study tended to support the findings of Sullivan et al. (11) . Counts of >100 CFU of H. influenzae or S. pneumoniae per ml of blood were generally associated with meningitis, whereas low colony counts appeared to be most often associated with less serious manifestations, such as otitis media.
A high rate of contamination resulted from the use of LDP (10.0% versus 1.8% by CBC). This would be unacceptable without the ability to qualify interpretation of such cultures or to determine ways to reduce the rate. Two characteristics of the pattern associated with contamination in our study could be identified. S. epidermidis, which accounted for approximately two-thirds of the insignificant isolates, was commonly detected after 48 h of incubation and in quantities of <1 CFU/ml. Therefore, we believe that the total duration of incubation for routine cultures may be reduced generally from 4 to 3 days, while <1 CFU of S. epidermidis per ml could be regarded as probable contamination. Circum-stances such as prior antibiotic therapy or a patient at a high risk for acquiring S. epidermidis bacteremia may warrant a more conservative approach to interpretation of the presence of this organism in blood cultures processed by LDP. Contamination occurring after 48 h of incubation is most likely due to shedding of organisms, in the case of Staphylococcus and Propionibacterium spp., by workers when the culture plates are handled in the laboratory. The appearance of Bacillus spp. on culture media suggests airborne contamination. Careful handling of culture plates is required to limit this problem. Another step to alleviate interpretative problems may be to incubate used Isolator tubes and stain their contents upon recognition of potential contaminants on agar media. Absence of bacteria on Gram stain in the presence of numerous colonies on plates would tend to support preexisting medium contamination rather than the source being the patient's skin or blood. It may also be noted that the contamination rate declined as experience was gained with LDP.
We conclude that the LDP method for pediatric blood cultures offers an advantage over broth systems in terms of timely detection and characterization of pathogens. A trend was noticed that suggests greater sensitivity of LDP than CBC for recovery of staphylococci, but the number of observations was few. Efficient recovery of staphylococci, in addition to the vulnerability of these cultures to contamination in the laboratory, account for a potentially high recovery rate of clinically insignificant organisms. LDP permits quantitation which may become clinically useful for diagnostic and prognostic purposes.
